Background: Irritable bowel syndrome (IBS) is a common gastrointestinal disorder in children. Recently, probiotics have been suggested as a treatment option for gastrointestinal disorders. The most effective species and the most appropriate doses are still unknown. Objective: The aim of this study was to assess the effects of Lactobacillus GG (LGG) for treating IBS in pediatric patients. Methods: In a controlled, double blind, randomized trial, patients with IBS diagnosed by Rome III criteria from
Introduction
Irritable bowel syndrome (IBS) is a chronic disturbance of the gastrointestinal function, and it is common in children, affecting their quality of life due to anxiety, frequent visits to a physician, and not being able to go to school IBS has different presenting symptoms in patients, such as cramping, bloating, diarrhea, constipation, or alternating diarrhea and constipation. The Rome III criteria were used based on the Bristol Stool Form Scale for the clinical diagnosis of IBS. According to the Rome III criteria, patients with IBS subdivide on their stool forminto one of four subgroups, i.e., IBS with constipation, IBS with diarrhea, mixed IBS, and unsubtyped IBS. Multiple etiological factors have been suggested for IBS, including psychosocial factors, malfermentation of food residues, altered gastrointestinal motility, and changes in the intestinal microflora. Also, compared to healthy people, patients with IBS have a great homogeneity in the fecal microflora that involves decreased levels of lactobacilli, bifidobacteria, and coliforms (1) (2) (3) (4) (5) .
IBS should be treated based on the predominant symptoms of patients; reports have indicated that several different types of medical treatments and agents have been used for IBS patients, including antacids, laxatives, anti-diarrhea medications, antispasmodics, and antidepressants. According to recent studies, probiotics are live microorganisms that can be proposed as considerable treatment modalities for different gastrointestinal problems in children. It has been suggested that these microorganisms can reduce the symptoms of IBS. Probiotics have multiple beneficial effects in the gastrointestinal tract, such as increasing the mass of bacterial microflora, especially lactobacilli strains; decreasing bacterial overgrowth; inducing the intestinal mucosal barrier; and normalizing the motility of the digestive tract. Also, they can regulate the balance between the pro-and anti-inflammatory cytokines. Due to these beneficial effects, probiotics have been suggested as a therapeutic option for IBS. Although some probiotic strains have been reported to be clinically more efficient than placebos in treating adults with IBS, only limited data are available regarding the beneficial effects of probiotics in children with IBS. The goal of this study was to assess the effects of the probiotic Lactobacillus GG (LGG) on the symptoms of children with IBS (6-10).
Material and Methods

Trial design
This double-blind, randomized controlled trial study was conducted at Dr. Sheikh Hospital, Mashhad University of Medical Sciences, Iran, from August 2012 to September 2012.
Participants
The inclusion criteria were patients whose ages ranged from 4 to 18 years old who had active symptoms of abdominal pain for at least two weeks before the beginning of the study and had been diagnosed with IBS by a pediatric gastroenterologist. This diagnosis must have been made on the basis of Rome III criteria and other differential diagnoses must have been excluded by laboratory evaluation, abdominal ultrasound, radiographic imaging, endoscopy, and breath hydrogen testing, if needed. Patients were excluded if they were taking any drugs or had underlying diseases (cardiac disease, renal disease, asthma, failure to thrive, cystic fibrosis).
Interventions
Both the probiotic and the placebo were provided in capsule form. The capsules contained either LGG with a concentration of 1×10 10 cfu/ml bacteria or a placebo. The placebo was inulin, which also was present in the LGG capsules. All of the randomized patients took one capsule of the probiotic or one capsule of the placebo twice per day for a period of four weeks. The two types of capsules were the same size and the same color, and they tasted the same.
Outcomes
As a part of the primary evaluations, dietetic histories, including assessment of fiber intake, were taken. No changes in dietetic habits were allowed during the study period. The same physician recorded the pre-trial and post-trial measures, initially and weekly thereafter for one month. The evaluated measures included the severity of pain, functional changes (disruption of social activities, need to see a doctor, use of medications, days of absence from school), and variables that could induce abdominal pain (e.g., gastroenteritis, abdominal pathologies, and life events). A five-point Likert scale was used for to specify the severity of the pain (0 = very mild, 1= mild, 2 = moderate, 3 = severe, 4 = very severe), and a three-point Likert scale was used for functional changes (1= decrease, 2 = no change, 3 = increase). Changes of the functional scale, stool patterns from baseline to the end of the treatment period, and associated problems (headaches, limb pains, and sleep problems) were considered as secondary outcomes.
Sample size
Twenty-six patients were included in each group (probiotic and placebo groups) based on the calculation of sample size with α = 0.5, β = 0.19 and an estimated standard deviation of 1.0 within the groups.
Randomization
Patients were assigned randomly to one of two groups (probiotic and placebo groups). Randomization was done with a computer-generated list using a permutated block design.
Blinding
Investigators and patients alike were blinded to the type of treatment.
Statistical methods
SPSS version 11.5 (SPSS Inc., Chicago, Illinois, USA) was used to analyze the data. The results for the two groups were compared using the independent sample t-test for age, Fisher's exact test for gender, and the Mann-Whitney U test for the type of IBS. Changes in abdominal pain and functional scale before and after treatment were compared by the Wilcoxon rank-sum test. P values less than 0.05 were considered to be statistically significant.
Research ethics
The protocol for this study was approved by the Ethics Committee of Mashhad University. Patients could withdraw from the treatment at any time for any reason, including treatment intolerance, experience of any side effect, or personal preference. Informed consent was obtained from the patients and their parents.
Results
Initially, 60 patients were assigned randomly to one of the two groups (probiotics and placebo groups). Five patients were excluded due to lack of follow up in placebo and probiotic groups. Three patients were excluded because other problems cause them to take antibiotics during the study. There was no complication leading to drug discontinuation. Thus, 52 children were evaluated in this trial. The mean age of patients was 7.1 ± 0.3 years. Fortyeight percent of patients were females, and 52% were males. The most common type of IBS was alternating between constipation and diarrhea. There were no significant differences in age, gender, or the type of IBS between the two groups. The main characteristics of two groups are summarized in Table 1 . Although no significant difference was obtained regarding the baseline pain severity scales between the two groups, a statistically significant difference was observed from one week after the treatment. The functional scale was improved significantly after two weeks of treatment in the probiotic group. Stool consistency was not significantly different between the two groups ( Table 2 ). There was no significant change in associated problems (headache, limb pain, and sleep problems) between the two groups during the study (P > 0.1). The LGG was well tolerated, and no adverse effects were reported.
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Discussion
Despite various risk factors suggested for IBS, such as psychosocial factors, altered GI motility, malfermentation of food residues, and alterations of the intestinal microflora, the exact etiology of IBS is not clear. In an earlier study, high homogeneity of the fecal flora with a decrease in lactobacilli, coliforms, and bifidobacteria was reported for IBS patients compared with healthy controls (11) . Administering probiotics to IBS patients is beneficial in raising the group of advantageous bacteria in the digestive system, diminishing bacterial overgrowth in the small bowel, and improving the balance between the pro-and anti-inflammatory cytokines. Strengthening of the intestinal mucosal barrier and regulating the motility of the GI tract and visceral sensitivity also have been proposed as beneficial effects of probiotics. Also, it has been reported that several lactobacilli strains are influential in attacks of intestinal pain through the induction of the expression of μ-opioid and cannabinoid receptors in the intestinal epithelial cells (8) .
Controversial results have been obtained by different studies that have evaluated the efficacy of probiotics for reducing the symptoms of IBS. Regardless of the differences in their probiotic regimens, some studies have shown that the probiotics had significant effects in reducing the abdominal distention, flatulence, and the hypersensitivity to distension in IBS patients, but there were no significant improvements in any of the other symptoms (12) (13) (14) . One study concluded that probiotics provided no significant efficacy in improving the symptoms of IBS that were evaluated (15) . Some other studies only have shown noteworthy reductions in the frequency of pain attacks, but there was no reduction in the severity of the pain (9) or in the composite score of all of the symptoms, i.e., abdominal pain, flatulence, distension, and borborygmi (16) . The results of our study indicated that, in the group that received the probiotic, there was a significant reduction in the severity of the pain as well as a decrease in the number of pain attacks. The conflicting results of the various studies may be attributable to the investigation of different species of probiotics, the dosages used, the duration of the treatment, and differences in the assessments of the outcomes. To assess the most appropriate dosage of the probiotic Bifidobacterium infantis (B. infantis), Whorwell et al. compared the efficacy of different dosages, i.e., 1 x 10 6 , 1 x 10 8 , and 1 x 10 10 cfu/mL, in improving the symptoms of IBS patients after four weeks. The results of their study indicated that, among the three dosages tested, the dosage of 1×10 8 cfu/mL of B. infantis was the most effective in managing abdominal pain, bloating, bowel impairment, straining, incomplete evacuation, and flatulence among IBS patients (17) .
In our study, the LGG dosage of 1×10 10 cfu/ml resulted in a significant reduction in the severity of the patients' pain severity and a reduction in the number of pain attacks in children with IBS. However, in another study that used the same dosage of LGG that we used, it was concluded that there was no significant reduction in the symptoms of IBS Page 1259 in the children (5) . However, another study that used an LGG dosage of 3×10 9 cfu/ml reported results similar to ours regarding the significant reduction of the number of pain attacks (9) . It is interesting to note that the concentration of the probiotic used in their study was only 30% of the concentration that we used, but the results were the same. When the efficacy of a mixture of probiotics was evaluated, i.e., LGG, Lactobacillus rhamnosus LC705, Bifidobacteriumbreve Bb99, and Propionibacterium freudenreichii ssp. shermanii JS with the total amount of bacteria in the range of 8-9 x 10 9 cfu/ml with an equal amount of each strain, a significant improvement of the total symptom score was observed (16) . Based on our review of the literature, probiotics have been used to treat IBS patients for periods of time that ranged from one week to six months. Most of the studies in which there was agreement about the effectiveness of probiotics for patients with IBS indicated that the beneficial effects were evident after four weeks of treatment, especially in reducing abdominal distention (5, 9, 13, 16) . In our study, the pain severity score was the first outcome measure to show improvement, and it occurred after just one week of treatment. Subsequently, we observed improvements in the functional score after two weeks and a reduction in the number of pain attacks after four weeks. Most of the previous studies have indicated that there were no complications associated with the administration of the probiotics, and our findings were in agreement with those studies. Considering the high prevalence of IBS and the safety of this treatment strategy, even a slight improvement in the symptoms could be significant (16) (17) (18) (19) (20) .
There were some limitations in this study. First, the probiotic was administered for only four weeks, and patients were assessed only during this period. Thus, we were unable to determine whether there might have been significantly different results by the prolonged use of the probiotic by the patients accompanied by a prolonged follow-up period. Also, potential rare side effects could have gone undetected in this clinical trial because of the small number of patients. To obtain a more comprehensive evaluation of the effects of probiotics on IBS, we suggest long-term treatment and long-term follow up with larger groups of patients.
Conclusions
The results of this study supported the therapeutic effects of LGG for IBS patients. The indications were that the administration of LGG decreased the pain severity score and improved the patients' functional scores. We suggest further studies to determine the most effective species, the most appropriate doses, and to clarify whether a combination of probiotics would be better than using a single species.
